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In recent years, there has been interest in optical imple
mentations of neural networks in the hope of develop

ing optical supercomputers to solve computationally mas
sive problems such as pattern recognition by emulating the 
human brain. Many experimental demonstrations have 
shown that optics can provide parallel processing, globally 
distributed information storage, and analogue computing, 
and hence is a good match with neural networks. For ex
ample, work on optical associative memories has beauti
fully demonstrated auto-associative recall: recalling full in
formation from a partial or partially incorrect cue. 1 - 5 

Recently, Hopfield and Tank 6 raised a more complex 
pattern recognition problem, known as the "word-break" 
problem, illustrated in the following sentence: 

T E X T R E E D I N G W I T H A U T W O R D B R E C K S M A Y 
BEKAMEDIFF ICOLT 

Without spaces between words, it is difficult to decipher 
the text. The task becomes even more difficult if the con
tinuous word stream contains errors. Deciphering the 
word stream requires a system that can recognize words 
(each of which is embedded in a continuous stream of oth
er letters), correct errors, and insert spaces between them. 
The system must be shift invariant so that an input word 
can be recognized in any position. Since many words ap
pear at the input window simultaneously, the system 
should also be able to process multiple inputs without 
crosstalk. Moreover, the system should be able to insert 
word-breaks at suitable positions between words. 

Recently, a group at Bell Communications Research 
demonstrated a novel holographic associative memory 7 

that has been applied to the word-break problem. A Hop-
field-style holographic associative memory5 was modified 
to include the various features described above. In this ex
periment, memory words are stored in a conventional 
Fourier transform hologram. The recognition part of the 

(a) The four patterns stored in the holographic memory; 
(b) the input to be read; (c) correlation output; (d) the 
thresholded version of the correlation output that is ana
morphically magnified along the word direction; and (e) 
the associative recalled output with spaces between 
words and error corrections. 

system consists mainly of a holographic VanderLugt corre
lator. For word-break recognition, the input word stream 
is presented at the input plane of the system. Autocorrela
tion peaks that appear at places where there is a match 
between the input and memory are detected and the sepa
ration between the peaks is magnified along the word di
rection. This stretched correlation output is reflected back 
to illuminate the hologram and reconstruct the whole 
memory at the output plane. The output through a win
dow that is situated at the origin of the output plane is the 
desired readable text. 
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The four words used as the memories in this experiment 
are shown in Fig. 1(a); the concatenated input with errors 
is shown in (b); the correlation output is shown in (c). The 
sharp autocorrelation peaks appear at the corresponding 
positions of the input words and memories. Also, side-
lobes appear over the whole correlation plane. Figure 1(d) 
shows the thresholded and anamorphically magnified ver
sion of the correlation output, with the final output from 
the system shown in 1(e). Compared with the initial input 
in (b), spaces are inserted between words and all the errors 
in the input are corrected. 

Substantial issues need to be addressed before optical 
neural networks such as this can perform complex prob
lems of significant size. For example, the issue of memory 
storage capacity is being investigated by several groups. 
Nevertheless, these early demonstrations indicate that op
tical neural networks may find application in specific 
problems such as image correction, time warping, and se
quence comparison. 

Finally, recent interest in optical implementations of 
neural networks is extending to learning machines. Opti
cal systems to implement the single layer perceptron type 
of learning machine 8 , 9 and the Boltzmann machine 1 0 on a 
small scale have been demonstrated recently. It is expected 
that more effort will be focused on implementation of var
ious learning machines in the future. 
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Optical computers have been promoted as the remedy 
for the bottlenecks of electronic computers, but as 

Top: Protozoa without novelty filter. Algae is also visi
ble. Bottom: Protozoa seen with novelty filter. Algae in 
background is no longer seen. 

yet no one has made a digital optical computer that can 
perform even the simplest of tasks, such as adding two 2-
digit numbers.1 Analog optical computers are much easier 
to make than digital optical computers, and for some ap
plications analog computers are better. A frog, for exam
ple, uses an analog computer to quickly compute the ve
locity and the predicted position of a careless fly, and the 
frog obviously does not need a digitally-precise value for 
the fly's velocity. 

Recently, a number of optical analog computers have 
been demonstrated that would rival a frog for detecting 
motion or change in an optical scene. These transient de
tectors, also called "novelty filters," process an entire im
age in parallel. They all use the photorefractive crystal Ba
TiO3 as the nonlinear medium, and they take advantage of 
the slow response time of this crystal. 

One device2 uses a geometry similar to that for demon
strating phase conjugation. A plane wave is sent through a 
phase distorter, reflected by a phase-conjugating mirror, 
and sent back through the same phase distorter to emerge 
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